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ABSTRACT 




The rate and extent of weight loss of 62 solid materials in a 
vacuum environment were determined experimentally by continuous and 
intermittent weighing techniques. Test conditions ranged from 41°C 
to 200°C at pressures of 10"2 to 10“5 torr. The results are presented 
in 2 tables and 130 figures. 
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The rate and extent of weight loss of 62 solid materials in a 
vacuum environment were determined by continuous and before-and-af ter 
weighings. The effects of temperature on weight loss were determined 
by testing the materials at temperatures ranging from 41°C to 200°C; 
however, most tests were made at either 50°C or 100°C. The weight 
loss varied from nil (limit of detections, 0.3 mg) to 23 percent. All 
continuous weighing tests were limited to 24 hours, and all intermittent 
tests were limited to 31 days of vacuum exposure. A comparison was 
made of results for the continuous and intermittent weighing techniques 
for an exposure of 24 hours; the agreement generally was good. 


INTRODUCTION 


Vacuum compatibility is a major factor influencing the selection 
of materials for space vehicle applications. Many materials lose weight 
when exposed to a vacuum environment. The rate and extent of this loss 
depend on a number of factors, including the temperature, pressure, and 
chemical composition of the material. A knowledge of the rate and extent 
of material loss in a vacuum environment can be used for preliminary 
screening, thereby reducing the number of materials to be subjected to 
altitude simulation tests in hardware configuration. 

A program for testing the compatibility of materials in vacuum 
was initiated by the Engineering Materials Branch in 1959 (presently 
the Materials Division). The equipment and test procedures used for 
these investigations and the results obtained for a number of materials 
have been discussed in previous reports (ref. 1, 2, 3, 4, and 5). This 
report presents additional results for a number of solid materials. 
Results for many materials, particularly those exhibiting small weight 
losses, depend on their physical state, the presence of trace impurities, 
and/or minor changes in composition. Therefore, results have been 
included for several materials that were at least superficially similar 
to materials that had been tested before. In some instances, the new 
materials were made by different manufacturers. 



EXPERIMENTAL 


Short-Term Exposure with Continuous Weighing 

Four vacuum systems, designated 4A, 4B, 4D, and 4E, were used. 

.All systems were equipped with 4-inch diffusion pumps and differed 
primarily in the degree of automatic operation. The 4A and 4D systems 
had manually operated pumping equipment. The 4E system was fitted with 
manually operated vacuum valves; however, the valve arrangement allowed 
the continuous operation of the fore and diffusion pumps when the bell 
jar was vented to the atmosphere. All four vacuum systems were equipped 
with automatic electrobalances (FIG 1) and ceramic ovens (FIG 2) for 
elevated -temperature experimentations . 

An effort was made to standardize the test specimens to approxi- 
mately one centimeter square; however, such factors as balance weight 
limitations, available material configurations, and sample density 
resulted in the variations in size and shape as noted in the tables. 

All specimens were desiccated for 24 hours before being weighed and 
placed in the vacuum chambers. 

The balances used were of two types: (1) ordinary analytical 

balances for before-and-af ter weighing; (2) Cahn electrobalances for 
weighing in vacuum. In all of the systems, continuous records of 
weights were provided by a strip chart recording of the automatic 
balance outputs. The zero settings and calibration factors of the 
balances were determined before each test. Thermal effects on the 
automatic balances were considered to be small since thermocouples at 
various locations within the bell jar indicated that heating was con- 
fined largely to the ceramic ovens. 

After a weighed specimen was placed in the vacuum chamber, a 
pressure below 10 torr was achieved in less than 10 minutes; then the 
specimens were heated to the preselected test temperature within 15 to 
30 minutes. Ultimate pressure in all cases was less than 10 -5 torr. 

Most of the specimens were tested at 50°C and 100°C; the exceptions to 
those temperatures are noted in the tables. 

In most cases, the continuous weight loss determinations for the 
specimens were terminated after 24 hours. After the specimens cooled to 
room temperature, they were removed from vacuum and weighed on the 
analytical balance. A more detailed description of this procedure has 
been presented in a previous report (ref. 1). Experience has indicated 
that variations due to weighing errors and other causes normally do not 
exceed 0.3 mg based on sample weights used in this investigation. The 
corresponding percentage errors ranged from 3.6 to 0.01; therefore, 
changes less than these values were not considered significant. 
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Extended Exposure with Intermittent Weighing 

The continuous weighing systems made it necessary for each specimen 
to be tested alone, so the testing period could not be extended beyond 
24 hours without severely restricting the amount of data that could be 
acquired with the limited number of balances and vacuum systems available. 
To alleviate this situation, intermittent weighing tests were used to 
obtain data for vacuum exposures greater than 24 hours. 

Groups of specimens of approximately 10 materials were spaced on 
a support screen and placed in one cubic foot vacuum ovens. Each oven 
was fitted with a mechanical fore pump and a two-inch oil diffusion pump, 
thus achieving an ultimate pressure of less than 10“3 torr. The test 
temperature was maintained by a conventional oven temperature control 
system. No precaution was taken to preclude cross -contamination of the 
individual, specimen by gaseous constituents evolved from other specimens. 
The specimens were weighed on an analytical .balance before being placed 
in the vacuum oven; then, they were exposed for 24 hours, cooled to room 
temperature in vacuo, removed to a desiccator, weighed, and returned to 
the vacuum oven for an additional exposure period. This test sequence 
was repeated for 5 days and then once a week, for a total test time of 
31 days. 

At the conclusion of the vacuum exposure period, the samples were 
allowed to stand in air for 24 hours and weighed, then desiccated for 
24 hours and reweighed. Any gain in weight resulting from air exposure 
was attributed to that portion of the total weight loss associated with 
moisture or other atmospheric constituents rather than a loss of the 
material itself. 


DISCUSSION OF RESULTS 


Weight loss determinations were made on 62 materials that were 
obtained from commercial manufacturers. Specimens varied in surface 
area, thickness, and weight as dictated by balance limitations and 
available sample configurations. Tests were made at one or two tempera- 
tures, ranging from 41°C to 198°C; however, most samples were tested at 
50°C and 100°C. The results are summarized in Table I for continuous 
weighing and in Table II for intermittent weighing. Figures 3 through 
129 illustrate the rate and extent of weight loss for each material. 

It should be noted that each weight loss history is a composite 
graphic representation of the results from both continuous and inter- 
mittent weighing tests for each material. Continuous weighing results, 
limited to 24 hours, are presented as a function of linear time. The 
extended exposure results that were obtained by the intermittent weighing 
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test are presented as a function of log time. The combined log-linear 
time scale is not intended to be indicative of the mechanism of evapo- 
ration but is only a device to more clearly present the results. 

The apparent nonlinearity of the percent weight remaining versus 
time curves that were obtained by the continuous weighing procedure and 
also the extended exposure tests' indicates a complex physical and 
chemical mechanism for weight loss. As expected, both rate and extent 
of weight loss increased with an increase in test temperature for most 
materials tested. However, in some materials, e.g., Dow Corning 
DC 7170 (FIG 3 and 4) , there were no discernible differences in weight 
loss for the 50°C and the 100°C tests. Other materials, e.g., Geon 
2046 (FIG 7 and 8) and PRP 73770 (FIG 54 and 55), showed moderate 
weight losses at 50°C with large increases in rate and extent of weight 
losses at 100°C. Such results suggest threshold temperatures corr- 
sponding to decomposition and/or evaporation of individual components 
of the various materials. For many of the continuous weighing tests, 
a slight but apparent weight loss followed by a regain in weight was 
registered during the first two to three hours of testing. Further 
examination of the experimental procedure and resultant data showed 
that this phenomenon began immediately after the specimen heating 
furnace had been turned on, which indicated a thermal effect. Experi- 
mental verification, using steel weights, indicated that an apparent 
weight loss of 0.5 mg was registered within the first two hours; then 
the indicated weight returned to the correct value. These data 
suggested that the deviation was caused by a temperature gradient 
within the balance, system which resulted from some slight furnace 
heating; however, as thermal equilibrium was approached, the appar- 
ent weight loss diminished, -and the proper value was recorded. 


Preliminary examination of the results showed a good correlation 
between the rate and extent of weight loss obtained from continuous 
weighing and intermittent weighing techniques. In most cases, the 
latter test produced a relatively smooth extension of the continuous 
weighing weight loss curve. However, in a few cases, several days were 
required before the intermittent weighing test curves coincided with 
the extrapolated continuous weight loss curves, e.g., PRP 8187 (FIG 57.) 
This suggested an induction period for some materials in the intermittent 


weighing tests. In the continuous tests, bell jar pressures were re- 
duced to 10 ”5 torr within 10 minutes and to ultimate pressures less than 
10 “5 torr within one hour. The intermittent test ovens exhibited much 
slower pumping speeds than the bell jar systems. During the first 
5 days of testing, each oven was opened once every 24 hours, and the 
maximum rate of outgassing occurred. Pressures of 10"^ torr were 
attained in 4 to 6 hours, and pressures less than 10 "3 torr were 
reached only after a 24-hour pumpdown time. It should be noted that 
the deviations between continuous and intermittent test results were 
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•generally confined to the first three days of intermittent weighing test 
time, e.g., PRP 8187 (FIG 57). After this time, good agreement between 
the two test methods was obtained. 

A possible source of error in the intermittent test results arises 
from the simultaneous testing of numerous samples of different materials 
in a single oven. However, for the same widely accepted reasons that 
material evaporating from a given sample is not expected to return to 
that sample when the pressure is low, material evaporating from any 
given sample would not be expected to contaminate other samples 
appreciably. 

A previous report (ref. 2) showed that some materials regained 
weight on standing in air after vacuum exposure. This was considered 
to be caused by absorption of moisture and/or atmospheric gases. It 
was suggested that weight regain characteristics would be valuable in 
discerning between actual material loss and simple outgassing of the 
sample. To obtain this information, the intermittent weighing test 
specimens were allowed to stand in air for 24 hours and weighed, then 
desiccated for 24 hours and reweighed. The reweighings are represented 
on the weight loss histories by open triangles and closed triangles. 

Most of the materials that were tested reflected little change in this 
final treatment; however, some slight weight regains were exhibited, as 
shown by FM-1000 adhesive (FIG 86 and 87) . 

The agreement of the results of continuous weighing and intermittent 
weighing test methods for a 24 -hour exposure was quite good, as shown in 
FIG 130. Inspection of the plotted data indicates that they are 
compatible with a straight line with intercept equal to zero and slope 
equal to unity or to conform to the equation, 

y = x 


where : 


y = weight loss by continuous weighing (percent) 
x = weight loss by intermittent weighing (percent) 

The root mean square deviation of values computed with this 
equation, 0.55 percent, is consistent with the expected experimental 
variations inherent in the test methods. 

A previous report (ref. 3) stated that close agreement obtained 
under these diverse conditions indicates that extreme high vacuum may 
not be required for preliminary compatibility testing of many materials. 
The results of this investigation are consistent with the previous work. 
However, more extensive investigations with particular interest in rates 
of weight loss at various pressure levels may be necessary before firm 
conclusions concerning the merits of the two procedures can be drawn. 
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TABLE I. - CONTINUOUS WEIGHING TEST (Continued) 
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TABLE I. - CONTINUOUS WEIGHING TEST : (Continued) 
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KHJS WEIGHING TEST (Continued) 
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items used to attain required sample weight. 


TABLE I. - CONTINUOUS WEIGHING TEST (Continued) 
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items used to attain required sample weight. 
:ems used to attain required sample weight. 



TABLE I. - CONTINUOUS WEIGHING TEST (Continued) 
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Two items used to attain required sample weight. 


'CABLE I. - CONTINUOUS WEIGHING TEST (Continued) 
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PR-1538 1.200 x 0.866 x 0.2:77 3.225 50 50 0.3542 0.0013 0.38 10’ 6 114 963-19 
Polyurethane Potting Compound 0.272 x 0.526 x 0.520 1.116 100 101 0.0876 0.0008 0.97 10-6 115 963-18 
Products Research Company 



TABLE I. - CONTINUOUS WEIGHING TEST (Concluded) 
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TABLE II. - INTERMITTENT WEIGHING TEST 
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TABLE II. - INTERMITTENT WEIGHING TEST (Continued) 
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R-P&VE-MN 100 X . 7525 0.0029 

Marshall Space Flight Center 1.151 (Dia.) x 0.343 3.324 100 0.2070 0.0003 



TABLE II. - INTERMITTENT WEIGHING TEST (Continued) 
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TABLE IX. - INTERMITTENT WEIGHING TEST (Continued) 
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1.692 x 1.445 x 0.053 5.223 100 



TABLE II. - INTERMITTENT WEIGHING TEST (Continued) 
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TABLE II. - INTERMITTENT WEIGHING TEST (Continued) 
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Epoxy Potting Compound 1.488 x 1.311 x 0.175 

Minnesota Mining & 

Manufacturing Company 



TABLE IX. - INTERMITTENT WEIGHING TEST (Concluded) 


la 


< < 


< <3 


< < 


< < 


< < 


< < 


bo oU 


n 


so 

co un 
o o 
o o 


■sf CM 

o o 
o o 
o o 


on cm 
o o 
o o 
o o 


o o 
o o 
o o 


o OS 
co <— * 
o o 
o o 


os CM 
O CM 

o o 
o o 


Mt i-4 
O CO 

o o 
o o 


■a 

*H 

0) 


CM CO 
CM so 
CO CO 
O O 


<r m 
o CM 
CO CM 

o o 


OS o 
Mt CO 
r-. so 

o o 


O sO 
<f CO 
UO CM 

o o 


U 0 1 -H 
in 

r-. so 
co co 


o © 
o’ o 


0) 

in 


co 

as 

in 


rH *<J- 

so m 
r- h- 


m m 
*-» m 
so m 


so co 
m cm 

SO rH 


CM -d- 
00 00 
CM CM 


\o 
co o 
cm m 


Os LO 
SO 

CO CM 


o o 
X X 


o oo 
so m 
r- 


oo so 
CM CO 

o o 
o o 
x x 


O rH 

X X 

co co 
oo os 

OS cm 


B 

o 

u 




■U T 3 W 
00 OJ R 4-1 
CO U 3 O 

*n a o a 

«-• >S o*xi 
« rH B O 

« o o u 

PM U £ 



c a o 

O -H 

*9 o 

3 3 

w 

0) 

C rH 

^ o cd 
X o u 

■ <u 

e 
<u 

W CO o 





.. n n 
o <U T3 
ai fl 

W H < 


22 




FIGURE 2. - CERAMIC OVEN FOR HEATING TEST SPECIMENS IN VACUUM 
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FIGURE 6. - TIME -WEIGHT HISTORIES FOR MARLEX 6002 DURING EXPOSURE TO VACUUM AT 100° C 
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FIGURE 17. - TIME -WEIGHT HISTORIES FOR TEDLAR DURING EXPOSURE TO VACUUM 

AT 50°C AND 51°C 
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FIGURE 21. - TIME -WEIGHT HISTORIES FOR DUROID 5600 DURING EXPOSURE TO VACUUM 

AT 48° C AND 50° C 
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FIGURE 24. - TIME -WEIGHT HISTORIES FOR ACRYLIC COAT DURING EXPOSURE TO VACUUM 

AT 100°C AND 101°C 
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FIGURE 25. - TIME -WEIGHT HISTORIES FOR SILICONE THERMAL COATING DURING EXPOSURE 

TO VACUUM AT 50° C 
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FIGURE 32. - TIME -WEIGHT HISTORIES FOR DCR-7521 DURING EXPOSURE TO VACUUM AT 53°C 
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FIGURE 48. - TIME -WEIGHT HISTORIES FOR DC -2 106 DURING EXPOSURE TO VACUUM 

AT 41°C, 47°C , AND 50°C 
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FIGURE 56. - TIME -WEIGHT HISTORIES FOR PRP 8187 DURING EXPOSURE TO VACUUM 

AT 46 °C AND 50°C 
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FIGURE 62. - TIME -WEIGHT HISTORIES FOR REFRASIL B-100 DURING EXPOSURE TO VACUUM 

AT 50°C AND 51°C 
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FIGURE 68. - TIME -WEIGHT HISTORIES FOR DUROID 5813 DURING EXPOSURE TO VACUUM AT 50°C 
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FIGURE 72. - TIME -WEIGHT HISTORIES FOR APCO 1252 DURING EXPOSURE TO VACUUM 

AT 50°C , 52°C , AND 54°C 
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FIGURE 118. - TIME -WEIGHT HISTORIES FOR ELECTROFILM 66 -C DURING EXPOSURE TO VACUUM 

AT 44° C, 49°C, AND 50°C 
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FIGURE 127. - TIME -WEIGHT HISTORIES FOR EPOXY COATING PEELED OFF GLASS DURING EXPOSURE TO VACUUM 

AT 100°C AND 103°C 
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INTERMITTANT WEIGHING TEST RESULTS 
AT 24 HRS, WEIGHT LOSS, PERCENT 

FIGURE 130. - COMPARISON OF RESULTS FROM CONTINUOUS WEIGHING TEST AND INTERMITTENT 

WEIGHING TEST 
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